Integerriminol (1), a coumarin precursor, was isolated from the leaves of Micromelum integerrimum along with 10 known coumarins and a flavonoid. Their structures were intensively elucidated on the basis of spectroscopic data including UV, IR, NMR, and TOF-HRMS and compared with those previously reported. A plausible biosynthetic pathway of coumarins derived from integerriminol (1) is also proposed.
Micromelum integerrimum (Buch.-Ham) Roem., wildly distributed in the South and Southeast Asia, is one of the species in the Rutaceae family [1] . Naturally occurring coumarins, acridones and carbazole alkaloids are found in the majority of plants in this genus, especially 6-and 8-prenylated coumarins [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Previous phytochemical investigations have revealed that a number of coumarins and their derivatives isolated from Rutaceae plants exhibit interesting biological activities such as anti-corpulence, cytotoxicity [11] , anti-platelet [12] , and anti-mutagenicity [13] . Some of these plant extracts have also been used in traditional medicine for the treatment of fever, giddiness, dysentery, and arthritis [14, 15] . In continuation of our study on the chemical constituents from Rutaceae plants, we wish to report herein the isolation and structure elucidation of a new compound from the leaves of M.integerrimum, namely integerriminol (1) along with 10 known coumarins (2-10) including micromelin (2) [2] , dihydromicromelins A and B (3a and 3b) as a mixture (ratio 1:2) [3] , acetyldihydromicromelin A (4) [3] , scopoletin (5) [2] , isoscopoletin (6) [16] , citropten (7) [17] , hopeyhopin (8) [18] , 7-hydroxy-8-(2',3'-dihydroxy-3'-methylbutyl)-coumarin (9) [19] , tortuoside (10) [19] , and a flavonoid, 5,7-dihydroxy-3,4',8-trimethoxyflavone (11) [20] as shown in Figure 1 . 1 H, 13 C NMR spectral data and HMBC correlations of 1 (in CDCl 3 ). 3 J HMBC coupling of OCH 3 ( H 3.77) with C-5 ( C 157.5) indicated that this methoxy group was attached to C-5 of phenol unit. Interestingly, the multiplicity between H-1" and H-2" is explicitly shown as a singlet presumably due to the perpendicular orientation of these two protons with each other [3, [21] [22] [23] . A comparison of the 1 H NMR spitting pattern for H-1" and H-2" for compounds 1, 2 and 4 indicated singlet multiplicity of these two protons in all three compounds. Since the structures of 2 [21] and 4 [23] have been determined by X-ray crystallography, we have assigned the stereochemistries at C-1", C-2", C-3" of 1 as R, R, R, respectively. Thus, the structure of this compound was identified as integerriminol (1).
Although it is possible that integerriminol (1) could be a degradation product of 2, it is postulated that 1 could also be a precursor of 6-furanocoumarins 2, 3 and 4. A plausible biosynthetic pathway is depicted in Scheme 1. The first step involves lactonization, followed by C-1'-C-2' dehydrogenation to form micromelin (2). This compound then undergoes a selective reduction at a lactone unit of the furanone ring to produce a 1:2 mixture of dihydromicromelins A (3a) and B (3b). Acetylation then perfectly accounts for the formation of the acetyldihydromicromelin A (4). Compounds 1-11 were evaluated for their antibacterial activities against Gram-positive bacteria (methicillin-resistant Staphylococcus aureus-2 (MRSA-2) and S. aureus TISTR 1466) and Gram-negative bacteria (Escherichia coli TISTR 780 and Salmonella typhimurium TISTR 292) [24] . Unfortunately, none of these compounds displayed any significant activities. Only compound 1 showed very weak antibacterial activity against both Gram-positive bacteria (MRSA-2 and S. aureus TISTR 1466) and Gram-negative bacteria (E. coli TISTR 780 and S. typhimuriumTISTR 292), with MIC values between 64 and 128 mg/mL.
Experimental
General: Melting points were determined on a Buchi B-540 visual thermometer and are uncorrected. The optical rotation value, [] D , was determined with a Bellingham& Stanley ADP400 polarimeter. UV-vis spectra were recorded with a Perkin-Elmer UV-vis spectrophotometer. The IR spectra were recorded using PerkinElmer FTS FT-IR spectrophotometer. The 1 H and 13 C NMR spectra were measured on a 400 MHz Bruker NMR spectrometer. High resolution (HRMS) mass spectra were obtained using a time-offlight (TOF), BrukerDaltonics mass spectrometer. Quick column chromatography (QCC) and column chromatography (CC) were carried out on silica gel 60 H (Merck, 5-40 m) and silica gel 100 (Merck, 63-200 m), respectively.
Plant material:
The leaves of Micromelum integerrimum were collected from Chiang Rai Province, in the northern part of Thailand, in March 2012. The plant was identified by Mr. Martin van de Bult, Doi Tung Development Project and a voucher specimen number MFU-NPR 0020 was deposited at the Natural Products Research Laboratory, School of Science, Mae Fah Luang University, Chiang Rai, Thailand.
Extraction and isolation:
Air-dried leaves of M. Integerrimum (0.55 kg) were successively extracted with acetone over a period of 3 days at room temperature. The acetone crude extract (86 g) was subjected to QCC over silica gel using a gradient of hexanesacetone (100% hexanes to 100% acetone) to provide seven fractions (A-G). Fraction A (88.10 mg) was further separated over Sephadex LH-20 (100% MeOH) to give compound 7 (7.5 mg). Fraction B (8.76 g) was also purified over Sephadex LH-20 (100% MeOH) to yield compounds 2 (2.10 g) and 11 (52.4 mg). Fraction C (2.45 g) was subjected to CC with acetone/CH 2 Cl 2 (2:98) to give five subfractions (C1-C5). Compound 8 (7.5 mg) was obtained from subfraction C3 (92.2 mg) by repeated purification over Sephadex LH-20 (100% MeOH). Fraction D (12.00 g) was separated by QCC with a gradient of 100% hexanes to 100% acetone to afford five subfractions (D1-D5). Compounds 3 (295.9 mg) and 4 (296.3 mg) were derived from subfraction D4 (1.88 g) by repeated CC (acetone/CH 2 Cl 2 (2:98)) . Fraction E (5.58 g) was separated by QCC with a gradient of CH 2 Cl 2 /hexanes (1:1) to EtOAc/hexanes (3:10) to give ten subfractions E1-E10. Subfraction E4 (122.3 mg) was subsequently separated by CC (EtOAc-CH 2 Cl 2 (1:9)) to yield compounds 1 (20.1 mg) and 6 (26.7 mg). Subfraction E5 (1.26 g) was purified by QCC with a gradient of CH 2 Cl 2 /hexanes (7:3) to acetone/CH 2 Faculty of Science, Mahidol University. The minimum inhibitory concentrations (MICs) were determined by the two-fold serial dilution method using Mueller Hinton broth according to the Clinical and Laboratory Standards Institute recommendations [24] . The drugs used as standards were vancomycin (MIC = 1 and 0.25 g/mL against MRSA-2 and S. aureus, respectively) and gentamycin (MIC = 0.25 and 0.125 g/mL against E. coli and S. typhimurium, respectively). 
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